Understanding the neural mechanisms of risky decisionmaking is critical to developing appropriate treatments for psychiatric disorders, problem gambling, and addiction to drugs of abuse. Probing neurobiological mechanisms requires the use of nonhuman animal models (particularly rhesus macaques, rats, and mice). However, there is considerable variation across species in risk preferences. Nevertheless, there are shared core features of risky decision-making present across species. As demonstrated with a wide variety of behavioral paradigms, modulators of risk preference observed in humans are readily replicated in model species. Thus, risky decision-making represents an important implementation of reward-guided decision-making that is feasibly modeled across species.
Introduction
Risk is a ubiquitous feature of our decision-making, whether we are playing slot machines, determining when to merge into oncoming traffic, or testing out a new menu option at a favorite restaurant. For centuries, economists have known that humans are largely risk-averse for gains. For example, when offered a choice between a certain option of $40, and a risky option with 50% chance of paying out $20 and 50% chance of paying out $60, most people choose the safe $40. Although many studies have replicated such risk-aversion for gains in nonhuman animals, others have not. Indeed, cross-species differences in risk preferences are now quite well-documented [1] [2] [3] . That is, when nonhuman animals are offered risky versus safe nutritive rewards, their preferences range from riskseeking to risk-averse. These preferences may be affected by species-specific foraging environments during evolution [4] .
At first glance, the substantial inter-species differences in risk preferences might render human risky decision-making difficult to model in other species. This would be unfortunate, since nonhuman animals, particularly rats (Rattus norvegicus), rhesus macaques (Macaca mulatta), and mice (Mus musculus), are essential for probing the neurobiological mechanisms of behavior. They are also [ 4 4 _ T D $ D I F F ] necessary for developing effective treatments for conditions associated with maladaptive risky decision-making, such as problem gambling and addiction to drugs of abuse. However, for [ 4 5 _ T D $ D I F F ] three distinct reasons, risky decision-making is both especially ideal and important to study in neurobiological model species:
1) The close relationship between psychiatric disorders and risky decision-making suggest that the latter is an important domain to study. 2) Risky decision-making is an excellent encapsulation of value-based decision-making generally, as it involves two parameters that can be independently manipulated: reward amount and win/loss probability. This allows neurobiologists to identify brain mechanisms of these different parameters, and their combination into subjective value. 3) Although baseline risk preferences can be quite different across species, shared [ 4 6 _ T D $ D I F F ] features (modulators of risk preference) suggest common neural and cognitive mechanisms.
Although risky decision-making is a classic problem in economics, psychology, and behavioral ecology, recent years have seen an explosion in the behavioral tasks used to study specific elements of risky decision-making in nonhuman animals [5] . Therefore, my goal is to review available behavioral evidence regarding risky decisionmaking in neurobiological model species-mainly macaques, rats, and mice.
What is risk?
The term risk has different meanings for behavioral economists, psychiatrists, and laypeople [6] . For a behavioral economist, risk is defined in terms of variance in possible outcomes. Thus, the gamble listed in the first paragraph (50% probability of winning $20, 50% probability of winning $60) is risky, even though there is no danger of an actual loss. A subject who chooses the
